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FILTER FOR EXTOEME ULTRAVIOLET LITHOGRAPHY 

^TofoQ to an apparatus comprising a 
The invention relates to an c^pp 

.aaiaeiln scu.ce and a processing organ for processing t^e 
radiation iron the radiation source^ production of 

such - -P^-"-^"-/^ fa^^n a litLgraphicai 
^ ""raril^r ..si .e applied in various 

fields -For a good understanding of the invention, 
cther^fields . Fo^ 9 acpplication •will serve well as 

:::r.;tion CoLinuouB attempts are ™ade to »a.e inte- 
'^d cir'its sn^ller and smaller in order to improve 
10 grated circui ^f.^^, integrated, circuits. 

the processing speea o ■ „ Integrated cir- 

Aocording to the prior art, sucn im: g 

..its L manufactured Chief. ^^^J^^^^Z:^ • 

i:isTosririrto^::^«--- =-tr 

" Tha U - as Short as 1=0 nanometres, "ravio et 
^ i^yy said circuits has a wavelength of 193 
light used With aa^^-^^^^ „ ,Xlo„ a further 

nanometres. The known integrated circuits, and 

decrease of dimensions of the ^^^J ^^^^^^^^ 

" tfTxC: rrirole: tU. -h light has a wavelength 
Of extreme optical elements cannot be 

°' " -;7;«-,:::,rThe Lwn mirrors and lenses 
used at this wavea. y extreme ultraviolet 

rr rorr%: ^trLrtrilThe processing organ 
25 ixght. in ^-'^^^ radiation from the radiation source xs 

rmurtn:;:rrrorich consists of . o _ ^iv.- 
— -rs:cran:rat:t^rr^^^^^^^^ 

„hv a laser plasma source is used to generate a plasma 
30 ography a laser p source of high 

^ heating an object hy °^ 
energy density, for example of at le 
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object heated by the laser will function as source of sec- 
ondary emission of mainly shortwave radiation. However, 
this will also release undesirable particles and atoms 
producing the effect of debris in the apparatus. T^ie 
5 objective of the invention is to prevent the production of 

said debris. • 

WO 96/10324 discloses such an apparatus for the 
generation of radiation. This apparatus uses a fast rotat- 
ing target which is heated by the laser source and which 
10 produces the secondary emission. Due to the kinetic energy 
of the particles formed from the plasma on the rotating 
target, this apparatus has a filtering effect in respect 
of the so-called macro-particles. However, trapping atoms 
and in particular the fastest micro-particles, is not 
15 possible in this known apparatus. 

According to the invention this possibility is now 
provided, by the apparatus being characterized in that a 

- filter is placed between the radiation source and the pro- 

' cessing organ which filter; in the radial direction from 
20 the radiation source, comprises a plurality of foils or 
plates, surprisingly it has been shown , that this very 
simple measure not only makes it possible to trap atoms 
and micro-particles, but also clusters of such micro-par- 
ticles, respectively the smallest macro-particles. 

A first preferred embodiment of the apparatus 
according to the invention is characterized in that the 
foils or plates are positioned in a honeycomb construc- 



25 



30 



tion, 



A second preferred embodiment of the apparatus 
according to the invention is characterized in that the 
foils or plates are cone-shaped and are positioned 

concentrically . 

Preferably, in the radial direction the foils or 
plates are positioned such as to be evenly distributed in 
35 relation to one another. 

Such an apparatus is used with a buffer gas in 
which the radiation source and the processing organ are 
placed. Appropriately, the distance between the radiation 
source and the filter's proximal end in relation to the 
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radiation source is then selected subject to the pressure 
and the type of buffer gas. A very suitable choice of buf- 
fer gas is krypton, whose pressure is 0.5 Torr, and the 
distance between the radiation source and the proximal end 
; of the filter is 5 cm. This setting affords sufficient 
opportunity for the particles to be trapped in the filter 
to take on the temperature of the buffer gas, for example 
room temperature, thereby sufficiently reducing the par- 
ticle's velocity before it enters the' filter. 

It is further desirable to select the length of the 
filter, which is formed by the distance between the 
filter's proximal end and its distal. >ehd in relation to 
the radiation source, subject to the pressure of the buf- 
fer gas and the form of the filter. Esj>ecially the gas 
15 pressure determines the mean free path length for the par- 
ticles to be trapped; a lower gas pressure corresponds to 
an increased free path length. This can be partially com- 
pensated by the form of the filt;er; For example, using the 
above-mentioned honeycomb construction- provides a larger 
20 surface area, affording greater opportunity for the par- 
ticles to actually be trapped. 

It has been shown that good results can be obtained 
when the length of the filter is at least 1 cm. This fil- 
ter length corresponds with a usual gas pressure of, for 

25 example, 100 mTorr. 

As already mentioned above, the apparatus is oper- 
ational at room temperature. The measure of maintaining 
the filter at a temperature which is approximately below 
room temperature, allows the residence time of the atoms 

30 and particles trapped on a foil or plate to be increased, 
and accordingly the effectiveness of the filter to be 
improved. 

It is further desirable that the number of plates 
in the filter should be adjusted subject to the thickness 
35 of each plate and the desired optical transparency of the 
filter as determined by the formula 

d 

X 100 % 

d + d, 
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in which d = the distance between two plates of the filter 
at the side of the radiation source; and 
df « the thickness of a plate of the filter. 
In this way the light output of the integral, appar- 
5 atus can be maintained at an adequate level, while the 

effectiveness of the filter can still be 100%. The ^ appar- 
atus is then preferably characterized in that the number 
of plates is adjusted such that the distance between two 
plates is approximately 1 mm. 

The effectiveness of the filter may be improved 
further by roughening the surface of the plates. 

The invention is further embodied in .a separate • 
filter for suppressing undesirable atomic and microscopic 
particles emitted by a radiation source, characterized by 
15 a plurality of plates positioned substantially parallel in 
relation to one another, for trapping atomic and micros- 
copic particles on their respective surfaces. 

-.-....V. . Such a separate filter is preferably characterized- 

in that the plates are directed radially from an imaginary 
20 point. This makes it ideal for use in association with a 
point -like radiation source. 

The invention will now be explained in more detail 
with reference to the ^drawing, in which 

Fig. 1 shows schematically a radiation source 
25 together with a filter according to the invention; 

Fig. 2 shows a preferred embodiment of the filter 
according to the invention; and 

Fig. 3 shows schematically two more preferred embo- 
diments of the filter according to the invention. 
30 In the Figs., identical reference numbers relate to 

similar parts. 

Fig. 1 shows a radiation source indicated by refer- 
ence number 1, and a filter which is generally indicated 
by reference number 2. The processing organ that is used 
35 in the apparatus for, for example, extreme ultraviolet 
lithography, is not shown. This processing organ is 
located at the side of the filter 2 facing away from the 
radiation source 1. The filter 2 comprises a number of 
plates 3 positioned in a radial direction from the radi- 
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ation source 1. It is possible. to position said plates in 
a honeycomb construction, or as a plurality of concentri- 
cal cones as shovm in Pig. 3- 

Figs. 1 and 2 show that in the direction of radi- 
5 ation from the source 1, the plates are positioned such as 
to be evenly distributed next to one another. The proximal 
end 4 of the filter 2 is at a distance X from the radi- 
ation source 1, which distance is selected depending on 
the pressure and the type of buffer gas in which the radi- 

10 ation source 1, the processing organ (not shown), and also 
the filter 2, are placed. If the apparatus is used for 
extreme ultraviolet lithography, the 'buffer gas is prefer- 
ably krypton having a pressure of. 6. 5 Torr, and the value 
of X may be 5 cm. The length of the plates of the filter 

15 is indicated by L. The value of L is. selected depending on 
the pressure of the buffer gas and the form of the filter 
2. The value of L, that is to say the length of the fil- 
ter, is at least 1 cm. In Fig. ' 1, this' value is approxi- 
mately 10 cm. The thickness of the. plates 3 may be, ifor 

20 example, 0.1 mm. and the spacing between the plates at the 
side nearest the radiation source 1, may be approximately 
1 mm. This may result in an optical transparency of the 
filter 2, which is determined by the formula 

d + df 

in which d = the distance between two plates of the filter 
at the proximal side of the filter; and 
d, = the thickness of a plate of the filter. 
30 The effectiveness of the filter can be promoted if 

the surface of the plates 3 is slightly roughened. 

When the apparatus is used for extreme ultraviolet 
lithography, radiation is used having a wavelength of 13.5 
nanometres. Various inert gasses may be used as buffer 
35 gas, such as helium and krypton which, compared with other 
gasses have the lowest absorption coefficient at this 
wavelength. Krypton is better able to meet the require- 
ments of the present application because the atomic mass 
of krypton is more compatible with that of the atomic- and 
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micro-particles emitted by the radiation source, which 
augments the inhibition of said undesirable particles. The. 
kiypton gas used is maintained at a pressure of at least 
several mTorr. It should be noted that taken over a dis- 
5 tance of 20 cm at a pressure of 0.5 Torr, the optical 
transparency of krypton for the desired radiation is 
approximately 90%. The filter used in the apparatus is 
comprised of copper plates (other materials are also 
possible) which have a length of 7 cm and are positioned 

10 at 2 cm from the radiation source. At a plate thickness of 
0.2 mm and with the plates being spaced at approximately 
0.8 mm at the side of the radiation source, the filter • 
will have a geometrical transparency, of approximately 80%. 
The effectiveness of the filter was measured at room tem- 

15 perature and at a temperature of approxima-tely -SO^C. At 
both these temperatures the effectiveness of the filter 
was shown to be very high, almost 100. 
V . . .... It will be clear to the person skilled in the-art • » 

that the various dimensions of the filter forming part of 

20 the apparatus according to the invention, as well as the 
distance from the filter to the radiation source, has to 
be determined in practice on the basis of the above-men- 
tioned inter-relating ratios. It is therefore possible to 
apply diverse variations to the above description, without 

25 departing from the idea of the invention as specified in 
the appended claims . 
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CLAIMS 

1. TUi apparatus suited, for example, for extreme 
ultraviolet lithography, comprising a radiation source and 
a processing organ for processing the radiation from the 
radiation source, characterized in that a filter is placed 

5 between the radiation source and the processing organ 

which filter, in the radial direction- from the radiation 
source, comprises a plurality of foils or plates. 

2. An apparatus according, to claim 1, characterized 
in that the foils or plates are positioned in a honeycomb 

10 construction. 

3. An apparatus according to claim 1, characterized 
in that the foils or plates ' are cone-shaped and are posi- 
tioned concentrically. 

4. An apparatus according to one of the claims 1-3, 
15 characterized in that in the radial direction the foils or 

plates are positioned such as to be evenly distributed in 
relation to one another. 

5. An apparatus according to one of the claims 1-4, 
wherein the radiation source and the processing organ are 

20 placed in a buffer gas, characterized in that the distance 
between the radiation source and the filter's proximal end 
in relation to the radiation source is selected subject to 
the pressure and the type of buffer gas. 

6. An apparatus according to claim 5, characterized 
25 in that the buffer gas is krypton, that the pressure is at 

least approximately 0.1 Torr, and the distance between the 
radiation source and the proximal end of the filter is 5 
cm. 

7 . An apparatus according to one of the preceding 
30 claims, characterized in that the length of the filter, 

which is formed by the distance between the filter's pro- 
ximal end and its distal end in relation to the radiation 
source, is selected subject to the pressure of the buffer 
gas and the form of the filter. 
35 8. An apparatus according to claim 7, characterized 

in that the length of the filter is at least 1 cm. 
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9 . An apparatus according to one of the preceding 
claims, characterized in that the filter is maintained at 
a temperature which is below room temperature. 

10. An apparatus according to one of the claims 1- 
; 9, characterized in that the number of plates in the fil- 
ter is adjusted subject to the thickness of each p}.ate and 
the desired optical transparency of the filter as deter- 
mined by the formula 

d 



10 



X 100 % 



d + dj 

in which d = the distance between two plates of the filter 
at the proximal side of the filter; and 
df = the thickness of a plate of the filter. 

11. An apparatus according to claim 10, .character- 
ized in that the number of plates is adjusted such that 
the distance between two plates is approximately 1 mm. 

12 . An apparatus according to one of the preceding 
r claims, characterized in that the surface of the plates is 

20 rough. 

13 . A filter for suppressing undesired atomic and 
nvLcroscopic particles which are emitted by a radiation 
source, characterized in that a plurality of plates are 
positioned substantially parallel in relation to one 

25 another, for trapping atomic and microscopic particles on 
their respective surfaces. 

14 . A filter according to claim 13 , characterized 
in that the plates are directed radially from an imaginary 
point . 
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